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(54) Longitudinally coupled resonator-type surface acoustic wave filter 



(57) A longitudinally coupled resonator-type surface 
acoustic wave filter (1) includes a piezoelectric sub- 
strate (2) and at least three IDTs (13-1 5) provided on the 
piezoelectric substrate along the propagation direction 
of the surface acoustic wave and each having a plurality 



of electrode fingers, in at least one of the IDTs (e.g. 13), 
the electrode finger period of a first portion (13^,1 3b) 
that Is adjacent to the side edge of another IDT (14) in 
the propagation direction of the surface acoustic wave 
is different from the electrode finger period of a second 
portion (13c-13g) that is the remaining part of the IDT. 
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Description : 

BACKGROUND OF THE INVENTION 

1. Reid of the Invention ^ 

[0001] The present invention relates to longitudinally 
coupled resonator-type surface acoustic wave filters, 
and more particularly, relates to a longitudinally coupled 
resonator-type surface acoustic wave filter having three 
or more interdigltal transducers (" IDTs") . 

2. Description of the Related Art 

[0002] Conventionally, surface acoustic wave filters 
have been widely used as an RF stage band-pass filter 
of a mobile phone. Low insertion loss, large attenuation, 
wideband, and other such characteristics are required 
for the band-pass filter. To satisfy these requirements, 
various propositions have been made for the surface 20 
acoustic wave filter. 

[0003] In Japanese Unexamined Patent Application 
Publication No. 5-267990, one example of a method for 
achieving a wider band of a longitudinally coupled res- 
onator-type surface acoustic wave filter is disclosed. In 
this publication, electrode fingers are arranged to peri- 
odically line up between IDTs that are adjacent to each 
other, and a process for optimally providing a resonant 
mode by causing the center distance between the adja- 
cent electrode fingers of two IDTs that are adjacent to 30 
each other in the propagation direction of a surface 
acoustic wave to be deviated by about 0.5 times of the 
wavelength detemnined by the period of the electrode 
fingers is disclosed. 

[0004] However, when, as described above, the cent- 35 
er distances between adjacent electrode fingers of IDTS 
that are adjacent to each other is deviated by about 0.5 
times of the wavelength determined by the period of the 
electrode fingers, the periodical continuity of the surface 
acoustic wave propagation path is worsened in the cor- 
responding part. Particularly, when a piezoelectric sub- 
strate, such as a 36** Y-cut X-propagating LiTaOS or a 
64* Y-cut X-propagating LiNb03, making use of a leaky 
surface acoustic wave (leaky wave) is used, loss due to 
bulk wave radiation increases. As a result, although re- 45 
alization of a wider band can be Intended, there is a 
problem In that insertion loss increases. 

SUMMARY OF THE INVENTION 

50 

[0005] In order to overcome the problems described 
above, preferred embodiments of the present invention 
provide a longitudinally coupled resonator-type surface 
acoustic wave filter which solves the foregoing prob- 
lems, so that not only the realization of the wider band 
but also significant reduction in the insertion loss in a 
passband can be achieved. 

[0006] In a longitudinally coupled resonator-type sur- 



face acoustic wave filter according to a preferred em- 
bodiment of the present invention, since at least one IDT 
■ among at least three IDTs is constructed so thatthe elec- 
trode finger period of a first portion that Is adjacent to 
the side edge of another IDT in the propagation direction 
of the surface acoustic wave Is different from the elec- 
trode finger period of a second portion that is the remain- 
ing portion of the IDT, it is possible to not only achieve 
the expansion of the passband width but also greatly 
reduce the insertion loss in the passband. 
[0007] Therefore, the longitudinally coupled resona- 
tor-type surface acoustic wave filter having a wider band 
and low loss in the passband Is achieved. 
[0008] When the electrode finger period of the first 
portion is shorter than the electrode finger period of the 
second portion, the propagation loss of the surface 
wave is greatly reduced. This enables the Insertion loss 
in the passband to be even more reduced. 
[0009] Particularly, when the electrode finger period 
of the first portion is approximately 0.82 to about 0.99 
times the electrode finger period of the second portion, 
the propagation loss of the surface wave can be even 
more reduced. 

[0010] The wavelength of the surface acoustic wave . 
determined by the electrode finger pitch of the first por- 
tion is 5ll1 and the wavelength of the surface acoustic 
wave determined by the electrode finger pitch of the sec- 
ond portion is XI2. 

[0011] When the center distance between adjacent 
electrode fingers of a pair of adjacent IDTs is caused to 
be substantially equal to 0,5X11 , the loss radiated as a 
bulk wave is greatly reduced, which reduces the inser- 
tion loss even more. 

[0012] When only one of a pair of the IDTs which are 
adjacent to each other is constructed so as to include 
the first portion and the second portion and when the 
center distance between adjacent electrode fingers of 
the pair of adjacent IDTs Is caused to be substantially 
equal to 0.26X11 + 0.25X12, the loss radiated as the bulk 
wave is greatly reduced in the same manner, which re- 
duces the insertion loss in the passband by an even larg- 
er amount. 

[001 3] When the electrode finger distance is substan- 
tially equal to 0.25 XII + 0.25 XI2 in a portion In which 
electrode fingers of the first portion and electrode fingers 
of the second portion are adjacent to each other, the loss 
radiated as the bulk wave can be reduced in the same 
manner, which further reduces the insertion loss in the 
passband. 

[0014] When the polarity of the electrode fingers ad- 
jacent to each other of the IDT including the first portion 
and the second portion and the polarity of the electrode 
fingers of the IDT adjacent to that IDT are different, the 
surface acoustic wave Is converted into an electric sig- 
nal in the spacing between adjacent IDTs as well. This 
increases the conversion efficiency into the electric sig- 
nal and improves the insertion loss in the passband 
even more. In addition, the passband width is expanded. 
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[0015] When the total number of electrode fingers of 

the first portions is not more than 1 8 on both sides of the 
adjacent portions of a pair of the I DTs which are adjacent 
to each other, the concentration ratio of the impedance 
is increased whereby a longitudinally coupled resona- s 
tor-type surface acoustic wave filter having small VSWR 
can be provided. 

[0016] When the center distance between the elec- 
trode fingers, having periods that are not different, of a 
pair of the IDTs which are adjacent to each other Is (0.08 io 
+ 0.5n)^l2 to (0.24+ 0.5n)XI2, more preferably. (0.13 + 
0.5n)A-l2 to (0.23 + 0.5n)XI2, a necessary bandwidth can 
be obtained in accordance with various applications 
such as an EGSM method, a DCS method, and a PCS 
method, and VSWR can be positively reduced. '5 
[0017] When both of a pair of the IDTs, which are ad- 
jacent to each other In the propagation direction of the 
surface acoustic wave filter, include the first portion and 
the second portion, and the numbers of electrode fin- 
gers of the first portions of both IDTs are different, 20 
though the concentration ratio of the impedance as well 
as VSWR are worsened, the expansion of the passband 
width can be achieved even more readily. 
[0018] When what Is obtained by rotating a LiTaOS 
single crystal in the direction of the Y axis in the range 25 
of approximately 36** to 44** with respect to the X axis is 
used as the piezoelectric substrate, the longitudinally 
coupled resonator-type surface acoustic wave fitter hav- 
ing a wide passband width and low insertion loss in the 
passband can be easily obtained according to various 30 
preferred embodiments of the present invention. 
[0019] When the film thickness of the electrode fin- 
gers of the first portion is different from the film thickness 
of the electrode fingers of the second portion, the loss 
due to the radiation of the bulk wave is greatly reduced 55 
by adjusting the electrode film thickness. Particularly, 
when the film thickness of the electrode fingers of the 
first portion is caused to be thinner than the film thick- 
ness of the electrode fingers of the second portion, since 
the loss due to the radiation of the bulk wave can be 
reduced in the spacing between IDTs in which the bulk 
wave is most likely to be generated, the insertion loss 
can be even more reduced while the wide bandwidth is 
maintained. 

[0020] When, in a construction in which multiple- 
stage longitudinally coupled resonator-type surface 
acoustic wave filters are cascaded, the electrode finger 
period of the first portion of at least one stage of the lon- 
gitudinally coupled resonator- type surface acoustic 
wave filter is caused to be different from the electrode 50 
finger period of the first portion of another stage thereof, 
the passband width can be expanded even more without 
causing the deterioration in VSWR. 
[0021] When the electrode finger period of the first 
portion is different In each stage of the multiple-stage 55 
longitudinally coupled resonator-type surface acoustic 
wave filter, the passband width can be effectively ex- 
panded. 



[0022] When at least one series resonator and/or par- 
allel resonator is connected to an input side and/or out- 
put side, not only the reduction in the insertion loss in 
the passband but also the expansion of the out-of-pass- 
band attenuation amount can be achieved according to 
various preferred embodiments of the present Invention. 
[0023] The longitudinally coupled resonator-type sur- 
face acoustic wave filter according to various preferred 
embodiments of the present invention may be construct- 
ed so as to have a balanced-unbalanced input/output or 
a balanced-balanced Input/output. 
[0024] That is, various input/output types of longitudi- 
nally coupled resonator-type surface acoustic wave fil- 
ters can be easily provided In accordance with various 
applications. 

[0025] Since a communications apparatus according 
to a preferred embodiment of the present invention Is 
provided with the longitudinally coupled resonator-type 
surface acoustic wave filter constructed according to 
various preferred embodiments of the present invention 
as a band-pass filter, the communication apparatus hav- 
ing a wider bandwidth and the low loss can be construct- 
ed. 

[0026] For the purpose of illustrating the invention, 

there is shown in the drawings several forms which are 
presently preferred, it being understood, however, that 
the invention is not limited to the precise arrangements 
and instrumentalities shown. 

[0027] Other elements, characteristics, features and 
advantages of the present invention will become more 
apparent from the following detailed description of pre- 
ferred embodiments of the present invention with refer- 
ence to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] 

Fig. 1 is a schematic plan view of a longitudinally 
coupled resonator-type surface acoustic wave filter 
according to a first preferred embodiment of the 
present invention. 

Fig. 2 is a schematic plan view indicating the elec- 
trode construction of a conventional longitudinally 
coupled resonator-type surface acoustic wave filter. 
Fig. 3 is a diagram indicating the amplitude charac- 
teristics of the longitudinally coupled resonator-type 
surface acoustic wave filter according to the first 
preferred embodiment and the conventional exam- 
ple. 

Fig. 4 is a diagram indicating the amplitude charac- 
teristics of the conventional longitudinally coupled 
resonator-type surface acoustic wave filter. 
Fig. 5 is a schematic diagram illustrating the rela- 
tionship between the electrode construction of the 
conventional three IDT type longitudinally coupled 
resonator-type surface acoustic wave filter and res- 
onant modes. 
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Fig. 6 is a diagram indicating the relationship be- 
tween the ratio of the electrode finger pitch of a first, 
portion to the electrode finger pitch of a second por- 
tion of the longitudinally coupled resonator-type 
surface acoustic wave filter and the propagation 5 
loss according to the first preferred embodiment. 
Figs. 7(a) and 7(b) are diagrams showing reflection 
characteristics In the cases in which the number of 
. narrow-pitch electrode fingers of the longitudinally 
coupled resonator-type surface acoustic wave filter *o 
according to the first preferred embodiment is eight 
and twelve, respectively. 

Fig. 8 is a graph indicating the change in VSWR in 
a case in which the number of narrow-pitch elec- 
trode fingers is caused to be changed in the first *5 
preferred embodiment. 

Fig. 9 is a schematic plan view indicating the elec- 
trode construction of a one-stage longitudinally cou- 
pled resonator-type surface acoustic wave filter ac- 
cording to a modified example of the first preferred 20 
embodiment. 

Fig. 1 0 is a schematic plan view indicating the elec- 
trode construction of another modified example of 
the longitudinally coupled resonator-type surface 
acoustic wave filter according to the first preferred 25 
embodiment. 

Fig. 11 is a schematic plan view indicating the elec- 
trode construction of a longitudinally coupled reso- 
nator-type surface acoustic wave filter according to 
a second preferred embodiment of the present in- 30 
vention. 

Fig. 12 is a graph illustrating the difference between 
the resonant mode of the longitudinally coupled res- 
onator-type surface acoustic wave filter according 
to the second preferred embodiment and the reso- 35 
nant mode of the longitudinally coupled resonator- 
type surface acoustic wave filter according to the 
first preferred embodiment. . 
Fig. 13 is a graph indicating the amplitude charac- 
teristics of the longitudinally coupled resonator-type 40 
surface acoustic wave filters according to the sec- 
ond and first preferred embodiments. 
Fig. 1 4 is a schematic plan view indicating the elec- 
trode construction of a longitudinally coupled reso- 
nator-type surface acoustic wave filter according to 
a third preferred embodiment of the present inven- 
tion. 

Figs. 1 5(a) to 1 5(c) are diagrams Indicating, respec- 
tively, the reflection characteristics of the longitudi- 
nally coupled resonator-type surface acoustic wave so 
filter according to the first preferred embodiment, 
the longitudinally coupled resonator-type surface 
acoustic wave filter according to the third preferred 
embodiment, and a construction obtained by 
changing the balance of the number of narrow-pitch 55 
electrode fingers in the longitudinally "coupled reso- 
nator-type surface acoustic wave filter according to 
the third preferred embodiment. 



Figs. 1 6(a) and 1 6(b) are graphs indicating the am- 
plitude characteristics and VSWR characteristics of 
the longitudinally coupled resonator-type surface 
acoustic wave filters according to the third preferred 
embodiment and the first preferred embodiment. 
Figs. 1 7(a) and 1 7(b) are graphs indicating the am- 
plitude characteristics and VSWR characteristics of 
the longitudinally coupled resonator-type surface 
acoustic wave filter according to the modified exam- 
ple shown In Fig. 15(c). 

Figs. 1 8(a) and 1 8(b) are, respectively, a schematic 
plan view Indicating the electrode construction of a 
longitudinally coupled resohator-type surface 
acoustic wave filter according to a fourth preferred 
embodiment, and an enlarged cross-sectional view 
thereof taken along line X-X of Fig. 1 8(a) (the direc- 
tion intersecting to the electrode fingers). 
Fig. 19 is a graph Indicating the amplitude charac- 
teristics of the longitudinally coupled resonator-type 
surface acoustic wave filters according to the fourth 
and first preferred embodiments. 
Fig. 20 is a schematic plan view indicating the elec- 
trode construction of a longitudinally coupled reso- 
nator-type surface acoustic wave filter according to 
a fifth preferred embodiment of the present Inven- 
tion. 

Fig. 21 is a graph indicating the amplitude charac- 
teristics of the longitudinally coupled resonator-type 
surface acoustic wave filter according to the fifth 
preferred embodiment and the conventional longi- 
tudinally coupled resonator-type surface acoustic 
wave filter. 

Fig. 22 is a graph indicating the amplitude charac-. 
teristics of a longitudinally coupled resonator-type 
surface acoustic wave filter according to the sixth 
preferred embodiment and the longitudinally cou- 
pled resonator-type surface acoustic wave filter ac- 
cording to the first preferred embodiment. 
Fig. 23 Is a schematic plan view illustrating the elec- 
trode construction of a longitudinally coupled reso- 
nator-type surface acoustic wave filter according to 
a seventh preferred embodiment of the present in- 
vention. 

Fig. 24 is a schematic plan view illustrating the elec- 
trode construction of a longitudinally coupled reso- 
nator-type surface acoustic wave filter according to 
an eighth preferred embodiment of the present in- 
vention. 

Fig. 25 is a schematic plan view illustrating a mbd- 
rfied example of the longitudinally coupled resona- 
tor-type surface acoustic wave filter according to 
the eighth preferred embodiment. 
Fig. 26 is a schematic plan view Illustrating another 
modified example of the longitudinally coupled res- 
onator-type surface acoustic wave filter according 
to the eighth preferred embodiment. 
Fig. 27 is a schematic plan view illustrating still an- 
other modified example of the longitudinally cou- 
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pled resonator-type surface acoustic wave filter ac- 
cording to the eighth preferred embodiment. 
Fig. 28 is a schematic plan view Illustrating another 
modified example of the longitudinally coupled res- 
onator-type surface acoustic wave filter according 5 
to the eighth preferred embodiment. 
Fig. 29 is a schematic plan view illustrating still an- 
other modified example of the longitudinally cou- 
pled resonator-type surface acoustic wave filter ac- 
cording to the eighth preferred embodiment. io 
Fig. 30 Is a schematic plan view Illustrating still an- 
other modified example of the longitudinally cou- 
pled resonator-type surface acoustic wave filter ac- 
cording to the eighth preferred embodiment. 
Fig. 31 Is a schematic plan view indicating the elec- is 
trode construction of a longitudinally coupled reso- 
nator-type surface acoustic wave filter according to 
a ninth preferred embodiment of the present inven- 
tion. 

Fig. 32 is a graph indicating the relationship be- 
tween the number of narrow-pitch electrode fingers 
and the passband width. 

Fig. 33 is a graph indicating the relationship be- 
tween the amount of change In the center distance 
of the IDT and the propagation loss. 25 
Fig. 34 is a graph illustrating a preferable range of 
an electrode finger spacing distance having a pitch 
that Is not decreased, in which the relationship be- 
tween the electrode finger spacing distance whose 
pitch is not decreased and the number of narrow- 30 
pitch electrode fingers for obtaining preferable fil- 
tering characteristics is shown. 
Fig. 35 is a block diagram illustrating a communica- 
tion apparatus provided with the longitudinally cou- 
pled resonator-type surface acoustic wave filter ac- 35 
cording to a preferred embodiment of the present 
Invention as a band-pass filter. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 40 

[0029] Hereinafter, preferred embodiments of the 
present invention are explained in detail with reference 
to the drawings. 

[0030] The present invention is described In more de- 45 
tail by Illustrating actual preferred embodiments accord- 
ing to the present invention. 

[0031] Fig. 1 is a schematic plan view illustrating a lon- 
gitudinally coupled resonator-type surface acoustic 
wave filter according to a first preferred embodiment of 50 
the present invention. The present first preferred em- 
bodiment and subsequent "preferred embodiments are 
described as applied to a receiving band-pass filter of 
an EGSM type mobile phone. However, the longitudi- 
nally coupled resonator-type surface acoustic wave fil- 
ter according to various preferred embodiments of the 
present invention can be used as a band-pass filter in 
another type of mobile phone and in communications 



apparatus other than mobile phones. 
[0032] A longitudinally coupled resonator-type sur- 
face acoustic wave filter 1 according to various preferred 
embodiments of the present invention is preferably con- 
structed by fomning an electrode construction, indicated 
using the schematic plan view in Fig. 1 , on a piezoelec- 
tric substrate 2. The piezoelectric substrate 2 is con- 
structed using a 36** Y-cut X-propagating LiTaOS sub- 
strate. The piezoelectric substrate 2 may be constructed 
using a LiTa03 substrate having another crystal orien- 
tation. Alternatively, it may be constructed using another 
piezoelectric material other than the LiTa03 substrate, 
for example, a piezoelectric single crystal, such as a 
LINb03 substrate or a quartz crystal, or a piezoelectric 
ceramics material or other suitable material. Further- 
more, the piezoelectric substrate 2 may be constructed 
by forming a piezoelectric thin film such as a ZnO thin 
film on an insulated substrate. 

[0033] In the longitudinally coupled resonator-type 
surface acoustic wave filter I according to the present 
preferred embodiment, the electrode construction, 
which is fully described below, is fonned on the piezoe- 
lectric substrate 2 preferably using Al. A metal other than 
Al, or an alloy, may be used as the electrode material. 
[0034] In the first preferred embodiment, first and sec- 
ond longitudinally coupled resonator-type surface 
acoustic wave filters 1 1 and 1 2 are vertically connected. 
That is, the two longitudinally coupled resonator-type 
surface acoustic wave filters 11 and 12 establish the 
two-stage vertical connection. It is to be understood that 
in the present document references to directions and 
orientations, for example, "vertical" refer to the elements 
In question when oriented as shown in the correspond- 
ing figure. 

[0035] The surface acoustic wave filters 11 and 12 
each preferably have three IDTs provided along the 
propagation direction of the surface acoustic wave. That 
is, these surface acoustic wave filters 11 and 12 are 
three IDT-type longitudinally coupled resonator-type 
surface acoustic wave filters. The electrode designs of 
the surface acoustic wave filters 11 and 12 preferably 
are substantially the same. 

[0036] The surface acoustic wave filter 11 has IDTs 
1 3 to 1 5. Grating-type reflectors 1 6 and 1 7 are provided 
at both endsof a portion having the IDTs 13 to 15 formed 
thereon in the propagation direction of the surface wave. 
Likewise, the surface acoustic wave filter 12 has three 
IDTs 18 to 20 and grating-type reflectors 21 and 22 at 
both ends of a region having the IDTs 18 to 20 formed 
thereon to extend in the propagation direction of the sur- 
face wave. 

[0037] In the first preferred embodiment, one end of 
the IDT 1 4 provided in the middle of the surface acoustic 
wave filter 11 is an input terminal, and the IDT 19 pro- 
vided in the middle of the surface acoustic wave filter 1 2 
is an output terminal. Ends of the IDTs 13 and 15 are 
connected to the corresponding ends of the IDTS 1 8 and 
20. As is obvious from Fig. 1 , the other ends of IDTs 13 
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to 15 and IDTs 1 8 to 20, which are opposite to the cor- 
responding ends connected to the Input/output termi- 
nals or interconnected to other IDTs. are each connect- 
ed to the ground potential. 

[0038] The longitudinally coupled resonator-type sur- 
face acoustic wave filter 1 according to the first preferred 
embodiment is characterized in that, in the surface 
acoustic wave filters 11 and 12, the electrode finger pitch 
of a portion of the IDTs is narrower than the electrode 
finger pitch of the remaining portion of the IDTs on both 
sides of the IDTs that are adjacent to each other. This is 
described In more detail using the spacing between IDT 
1 3 and IDT 1 4 as an example. 

[0039] The IDTs 1 3 and 1 4 are adjacent to each other 
In the propagation direction of the surface acoustic 
wave. The electrode finger pitch between the electrode 
fingers 13a and 13b, which are several electrode fingers 
at the edge part of the IDT 13 on the IDT 14 side, is 
narrower than the electrode finger pitches among the 
remaining electrode fingers 13c, 13d, 13e, 13f, and 13g. 
Likewise, in the IDT 14, the electrode finger pitch be- 
tween the electrode fingers 1 4a and 1 4b, which are sev- 
eral electrode fingers at the edge portion of the IDT 14 
on the IDT 13 side, is nan-owerthan the electrode finger 
pitches among 14c. 14d. 14e, 14f, and 14g; In the IDT 

13, the portion in which the electrode finger pitch be- 
tween the electrode fingers 13a and 1 3b, which are mul- 
tiple electrode fingers at the side edge portion of the IDT 

14, as described above, is narrowed is designated a first 
portion and the remaining portion provided with the elec- 
trode fingers 13c to 13g is designated a second portion. 
In this manner, in the surface acoustic wave filter 1 ac- 
cording to the first preferred embodiment, in each IDT 
a plurality of electrode fingers at the side edge thereof 
towards its adjacent IDT have a narrower electrode fin- 
ger pitch than the electrode finger pitch of the remainder 
thereof. 

[0040] In the IDT 14 provided in the middle, the first 
portions are provided at both sides in the propagation 
direction of the surface acoustic wave. That is, the elec- 
trode finger pitch is narrowed not only in the portion in 
which the above described electrode fingers 14a and 
14b are provided but also In a portion in which the mul- 
tiple electrode fingers 14h and 141 are provided at the 
edge portion of the IDT 14 on the IDT 15 side. Accord- 
ingly, the portion in which the electrode fingers 14h and 
141 are provided is also the lirst portion". 
[0041] In the ! DT 1 5, the first portion Is constructed on 
the IDT 1 4 side preferably In the same manner as in the 
IDT 13, and the remaining portion, other than the first 
portion, constitutes the second portion. The IDTs 18 to 
20 of the surface acoustic wave fitter 1 2 are constructed 
preferably in a similar manner to the IDTs 13 to 15. 
[0042] In Fig. 1 and other figures each representing 
the electrode constructions of subsequent modification 
examples and other preferred embodiments. In order to 
simplify illustrations, the electrode fingers are shown so 
that the number thereof is smaller than the actual 



number thereof. ' 
[0043] Next, details of the electrode construction of 
the surface acoustic wave filter 1 according to the first 
preferred embodiment are described more specifically. 

5 [0044] The wavelength of the surface wave deter- 
mined by the electrode finger pitch of the first portion is 
X\ 1 and the wavelength of the surface wave detemiined 
by the electrode finger pitch of the second portion is X12. 
[0045] The intersecting width of the electrode fingers 

10 in each of the IDTs 13 to 1 5 Is preferably approximately 
35.8X12, and the electrode film thickness is preferably 
approximately 0.08X12. 

[0046] The numbers of electrode fingers of the IDTs 
13 to 15 are as described In the following paragraphs. 
15 [0047] IDT 13 The number of electrode fingers is 
29 in which the number of electrode fingers of the first 
portion is 4 and the number of electrode fingers of the 
second portion is 25. 

[0048] IDT 14 — The number of electrode fingers is 
20 33 in which the numbers of electrode fingers of the first 
portions on both sides are each 4 and the number of 
electrode fingers of the second portion is 33 - 8 = 25. 
[0049] IDT 15 The number of electrode fingers is 
29 in which the number of electi-ode fingers of the first 
25 portion is 4 and the number of electrode fingers of the 
second portion is 25. 

[0050] The above Xlt indicating the wavelength of the 
first portion of the IDTs 13-15 Is preferably approximate- 
ly 3.90 |xm, and X\2 is preferably approximately 4.1 9 [i.m. 
30 [0051 ] The numbers of electrode fingers of the reflec- 
tors 1 6 and 1 7 are 1 00 and a wavelength XR is approx- 
imately 4.29 \im. 

[0052] Taking the IDT 13 in Fig. 1 for example, the 
distance between the first portion and the second por- 

35 tion is the distance between the center of the electrode 
finger 13c and the center of the electrode finger 13b, 
which is approximately 0.25X11 + 0.25X12. The distance 
between the first portion and the second portion of the 
other IDTs is preferably set in a similar manner as the 

40 above. Furthemnore, the distance between the IDTs that 
are adjacent to each other, for example, the center dis- 
tance between the electrode finger 1 4i of the IDT 1 4 and 
15a of the IDT 15 which are adjacent to each other is 
preferably about 0.50 XI1 . 

45 [0053] In addition, the distances between the IDTs 13 
and 1 5 and the corresponding reflectors 1 6 and 1 7, that 
is, the mutual electrode finger center distances between 
the outer edge portions of the IDTs and the Inner edge 
of the refiectors are preferably about 0.50XR. 

50 [0054] The duty ratio of each of the IDTs 13 to 15 Is 
preferably about 0.73, and the duty ratio of the reflectors 
Is preferably about 0.55. The duty ratio Is the ratio of the 
electrode fingerwidth to (the electrode fingerwidth -4- the 
distance of the electrode finger spacing). 

55 [0055] The IDTs 1 8 to 20 of the surface acoustic wave 
filter 12 and the refiectors 21 and 22 are constructed 
preferably In substantially the same manner as the IDTs 
13 to 15 and the reflectors 16 . and 17, respectively, are 
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constructed. 

[0056] The first preferred embodiment is character- 
ized In that the distance between the first portion and 
the second portion and the distance between the IDTs 
that are adjacent to each other are designed In the 5 
above-described manner. As described in detail below, 
these distances are preferably about 0.50 times the 
wavelength of the adjacent IDTs. When the wavelengths 
on both sides of the spacing are different, it is preferable 
that the distance be obtained by adding approximately fo 
0.25 times these wavelengths in order to maintain the 
continuity of the IDTs. 

[0057] For comparison, a conventional longitudinally 
coupled resonator-type surface acoustic wave filter is 
provided. The electrode construction of this convention- ^5 
al longitudinally coupled resonator- type surface acous- 
tic wave fitter Is shown in Fig. 2. As is obvious from Fig. 

2, the longitudinally coupled resonator-type surface 
acoustic wave filter 201 is not provided with two types 

of spacing such as is provided in the longitudinally cou- 20 
pled resonator-type surface acoustic wave filter 1 . They 
are constructed in the same manner except that the dis- 
tance of each electrode finger spacing part is identical. 
Therefore, concerning the identical parts, detailed de- 
scriptions thereof are omitted by assigning the reference 25 
numerals to the identical parts in which the reference 
numerals are obtained by adding 200 to the reference 
numeralindicatingthe parts of the longitudinally coupled 
resonator-type surface acoustic wave filter in the above- 
described preferred embodiment. The details of the 30 
electrode construction of the surface acoustic wave filter 
201 provided for this comparison are as follows. 
[0058] That is, the intersecting width W of the IDTs 
213 to 21 5 and 21 8 to 220 is approximately 43.2X1. The 
numbers of electrode fingers of the IDTs are as follows: 35 

IDTs 213, 215, 21 8, and 220 - 25; and 
IDTs 214 and 219- 31. 

[0059] The wavelength X\ of the IDT is preferably 40 
about 4. 1 7 Jim and the wavelength A.R of the reflector is 
preferably about 4.29 \3jr\. The numbers of electrode fin- 
gers of the reflectors are each 100. 
[0060] The adjacent IDT to IDT electrode finger center 
distance is 0.32X1 and the electrode finger center dis- ^5 
tance between the reflector and the IDT adjacent to the 
reflector is 0.50XR. In addition, the duty ratio of the IDT 
and the duty of the reflector are the same as the pre- 
ferred embodiment, and the electrode film thickness is 
0.08X1. 50 
[0061] Amplitude characteristics of the longitudinally 
coupled resonator-type surface acoustic wave filter in 
the first preferred embodiment and in the conventional 
example that were prepared in the above-described 
manner were measured. The results are shown in Fig. 55 

3. The solid lines in Fig. 3 represent the results for the 
first preferred embodiment and the dashed lines repre- 
sent the results for the conventional example. Further- 



more, characteristics obtained by magnifying important 
portions of each amplitude characteristic represented 
using the solid lines and the dashed lines, by the scales 
on the right side of the vertical axis, are also shown. 
[0062] As obviously indicated in Fig. 3, the insertion 
loss in the passband can be much more improved in the 
longitudinally coupled resonator-type surface acoustic 
wave filter 1 according to the first preferred embodiment 
than in the conventional example. For example, the min- 
imum insertion loss in the passband is approximately 
2.3 dB in the conventional example while it Is approxi- 
mately 1.7 dB in the present preferred embodiment, 
which demonstrates the improvement by approximately 
0.6 dB. 

[0063] The bandwidth having the attenuation amount 
of 4.5 dB from a through level is approximately 44 MHz 
in the conventional example while the same band width 
having the attenuation amount of 3.9 dB from the 
through level can be obtained in the preferred embodi- 
ment. That is, when comparison is made with respect to 
the entirety of the passband, the Insertion loss is Im- 
proved by approximately 0.6 dB In the first prefen-ed em- 
bodiment compared with the conventional example. 
[0064] In the first preferred embodiment, the reason 
why the insertion loss can be Improved In the above- 
described manner is as follows. 

[0065] In the design of the conventional three IDTtype 
longitudinally coupled resonator-type surface acoustic 
wave filter, the electrode finger center distance between 
the I DTs that are adjacent to each other is around 0.25X1 . 
This is because the passband Is formed making use of 
three resonant modes having peaks Indicated by three 
arrows A to C in frequency chiaracteristics of the con- 
ventional surface acoustic wave flltisr shown in Fig. 4 
clarified by changing the impedance from 50 Q to 500 
O,, That is, In the electrode construction shown in Fig. 5, 
the passband is formed by making use of a resonant 
mode (the arrow C in Fig. 4) having a peak of the inten- 
sity distribution of the surface acoustic wave at a space 
between adjacent IDTs different from the location for a 
zeroth mode (the arrow B shown in Fig. 4) and a second 
mode (the arrow A shown in Fig. 4) schematically shown 
below. 

[0066] However, the distance of the IDT to IDT spac- 
ing is approximately 0.25X1, causing a discontinuous 
portion to occur in a surface acoustic wave propagation 
path. There arises a problem that the propagation loss 
increases because the amount of a component radiated 
as a bulk wave increases in the discontinuous portion. 
[0067] Therefore, in order to decrease the amount of 
the above-described propagation loss, it is considered 
that the discontinuous portion should be eliminated by 
setting the distance of the IDT to IDT spacing to about 
0.50X1. However, when the distance of the IDT to IDT 
spacing is about 0.50X1, since the above three modes 
are not available, there arises a problem in that realiza- 
tion of a wider band cannot be achieved. 
[0068] The present preferred embodiment is charac- 
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terized In that, in order to solve the two problems de- 
scribed above, the above first and second portions are 
provided between the !DTs that are adjacent to each oth- 
er. That is, by partially altering the electrode finger pitch 
in the IDT, while the passband is fomned making use of 
the three resonant modes, the amount of loss radiated 
as the bulk wave is reduced by setting the distance of 
the IDT to IDT spacing to approximately 0.50 times the 
wavelengths of the IDT on both sides of the spacing, 
[0069] Generally, when the period of the electrode fin- 
gers is smaller than the wavelength of the surface 
acoustic wave propagating through the propagating 
path, the propagation loss of the surface acoustic wave 
itself decreases. Therefore, as described above, since 
the electrode finger pitch of the first portion is smaller 
than that of the second portion, this also reduces the 
propagation loss of the surface acoustic wave. 
[00701 Therefore, as is shown in Fig. 3, although the 
same passband width as In the conventional example 
(in which the realization of a wider band is achieved) is 
obtained in the first preferred embodiment, the insertion 
loss in the passband can be greatly reduced compared 
to the conventional example. 

[0071] The inventor examined how small the elec- 
trode finger pitch of the first portion should be constmct- 
ed compared to that of the second portion, so that pref- 
erable results can be obtained. 

[0072] That Is, the electrode finger pitch of the first 
portion of the longitudinally coupled resonator-type sur- 
face acoustic wave filter was changed variously in the 
preferred embodiment shown in Fig. 1 to examine how 
the propagation loss is changed because of this. The 
results are shown in Rg. 6. 

[0073] The horizontal axis of Fig. 6 represents the ra- 
tio of the electrode finger pitch of the first portion to the 
electrode finger pitch of the second portion (here desig- 
nated as the pitch ratio of a narrow-pitch electrode fin- 
ger) while the vertical axis represents the propagation 
loss. The propagation loss in Fig. 6 Is the value obtained 
by subtracting the loss due to impedance mismatch and 
the ohmic loss caused by the electrode finger resistance 
component from the insertion loss in the passband. 
[0074] The results in Fig. 6 were obtained for respec- 
tive cases in which the numbers of electrode fingers 
having narrow electrode finger pitch were 8,12, and 1 8. 
Here, as examples of the IDTs 13 to 15, the number of 
electrode fingers having the narrow electrode finger, 
pitch means the total sum of the number of electrode 
fingers of the first portion of the IDT 13 (two fingers are 
shown in Fig. 1) and the number of narrow-pitch elec- 
trode fingers of the first portion of the IDT 14 on the IDT 
13 side (two fingers are shown in Fig. 1). In this case, 
fourfingers are shown in Fig. 1 . However, forthe cases 
of Fig. 6, eightfingers, twelve fingers, or eighteen fingers 
are provided as described above. 
[0075] Likewise, the total numbers of narrow elec- 
trode-finger-pitch electrode fingers in the adjacent por- 
tion between the IDT 15 and the IDT 14 are also 8, 12, 



and 1 8 though four fingers are shown in Fig. 1 . That is, 
Fig. 1 shows a design in which the number of narrow 
electrode-finger-pitch electrode fingers is four. In the fol- 
lowing description, "the number of narrow-pitch elec- 
5 trode fingers" means the value defined in the above de- 
scribed manner. 

[0076] As Is obviously indicated in Fig. 6, when the 
pitch ratio of the narrow-pitch electrode fingers is in the 
proximity of approximately 0.95, the propagation loss is 

10 minimized regardless of the number of narrow-pitch 
electrode fingers. The amount corresponding to the im- 
provement in this propagation loss is considered to be 
the sum of the amount corresponding to reduction in the 
loss radiated as a bulk wave and the amount corre- 

15 spending to reduction in. the propagation loss of the sur- 
face acoustic wave by decreasing the electrode finger 
pitch. 

[0077] That is, in order to decrease the insert:ion loss 
in the band, it was found to be preferable that the pitch 
20 ratio of the above narrow-pitch electrode finger is set to 

the order of this value. 

[0078] Next, a range in which the propagation loss 
was smaller compared to the conventional example was 
detemnined. In the design using the conventional meth- 
25 od, the propagation loss is approximately 1 .9 dB. As de- 
scribed below, in this first preferred embodiment, it is 
preferable that the number of narrow-pitch electrode fin- 
gers be 1 8 or below. 

[0079] As is obviously indicated Fig. 6, the range in 

30 which the reduction effect of the propagation loss can 
be observed is in the range of the pitch ratio of the nar- 
row-pitch electrode fingers of about 0.83 to about 0.99. 
Even though the pitch ratio of the narrow-pitch electrode 
fingers is below approximately 0.83, the propagation 

35 loss is small under an appropriate condition. However, 
considering the restriction of the electrode manufactur- 
ing accuracy, it is found to be preferable that the pitch 
ratio be in the proximity of about 0.83 to about 0.99. 
[0080] Next, a preferable range of the number of nar- 

40 row-pitch electrode fingers was confirmed. Fig. 7 shows • 
reflection characteristics in cases in which, when the 
numbers of narrow-pitch electrode fingers are set to 8 
and 1 2, design parameters are adjusted for each so that 
impedance matching is achieved in the corresponding 

45 pass band. Fig. 7(a) shows the case in which the 
number of narrow-pitch electrode fingers is 8; and Fig. 
7(b) shows the case in wh ich the number of narrow-pitch 
electrode fingers is 1 2. 

[0081] When the number of narrow-pitch electrode 
50 fingers is increased, there is a tendency to worsen the 
concentration ratio of the impedance, which tends to 
worsen VSWR or the deviation in the band. In addition, 
■since the deviation in the passband Is worsened, the 
passband width tends to be narrowed. Accordingly, us- 
55 ing the design of the above-described preferred embod- 
iment as a baseline, the changes in VSWR as well as 
the passband width were measured in a case in which 
the number of narrow-pitch electrode fingers was 
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changed. The results are shown in Figs. 8 and 32. 
[0082] The value of VSWR in Fig. 8 and the value of 
the passband width in Fig. 32 are the values in a case 
in which the intersecting width, the pitch of the narrow- 
pitch electrode fingers and the like are varied so that the 
Impedance matching in the passband is achieved in ac- 
cordance with the number of narrow-pitch electrode fin- 
gers. Generally, the value of VSWR is preferably about 
2.5 or below, and the passband width is preferably ap- 
proximately 42 MHz or above In an EGSM method con- 
sidering the change In characteristics due to the tem- 
perature, characteristic variations or other characteris- 
tics. 

[0083] In Fig. 8, the number of narrow-pitch electrode 

fingers is 1 8 or below in a range in which VSWR is about 
2.5 or below. As is obvious from Fig. 32, the number of 
narrow-pitch electrode fingers is also 1 8 or below in the 
region where the passband is approximately 42 MHz or 
above. That is, it is preferable that the number of narrow- 
pitch electrode fingers be 18 or above. This increases 
the concentration ratio of the impedance and decreases 
VSWR as well as the deviation in the band. In addition, 
it was discovered that this enables the longitudinally 
coupled resonator-type surface acoustic wave filter hav- 
ing a sufficient passband width to be obtained. 
[0084] Next, the change in the propagation loss was 
examined in a case in which the distance between the 
adjacent IDTS was changed from what was used In the 
first preferred embodiment. The results are shown in 
Fig. 33. The distance between the adjacent IDTs, for ex- 
ample, the center distance between the adjacent elec- 
trode fingers 141 and 15a of the IDT 14 and the IDT 15 
in Fig. 1 , respectively, is preferably about 0.50X11 . In Fig. 

33, the change in the propagation loss is plotted with 
respect to the change in the center distance from where 
the value 0.50X11 Is set as 0. In Fig. 33, the propagation 
loss is worsened in accordance with the change in the 
center distance between the adjacent IDTs. That Is, it is 
proved to be preferable that the center distance be- 
tween the adjacent IDTs be about 0.50X.I1 in order to 
obtain a low loss filter. Likewise, it is preferable that the 
distance between the first portion and the second por- 
tion whose pitches are different be approximately 
0.25X11 + 0.25X12, as shown in the first preferred em- 
bodiment, in order to obtain the low loss filter. 

[0085] Next, the center distance between the elec- 
trode fingers whose pitch is not decreased, for example, 
the center distance between the electrode fingers 13c 
and 14c shown in Fig. 1 was examined concerning how 
long the center distance between the electrode fingers 
13c and 14c is desired. The results are shown in Fig. 

34. Fig. 34 shows the results obtained by examining the 
center distance between the electrode fingers whose 
pitch is not decreased in a case in which the construction 
of preferred embodiments of the present invention is de- 
signed so that the fitter has optimized characteristics for 
various applications such as not only the EGSM meth- 
od, but also a DCS method, and a PCS method. In all 



of these designs, it is designed so that the bandwidth 
required for each method is obtained and VSWR is ap- 
proximately 2.5 or below. The horizontal axis represents 
a value indicating the center distance between the elec- 

5 trode fingers whose pitch is not decreased using the 
wavelength ratio of the electrode fingers whose pitch is 
not decreased. This value is the one so that every value 
is in the range of approximately 0.0 to about 0.5 by sub- 
tracting the value of 0.5n (n=1 , 2, 3, ...) from the corre- 

10 spending center distance in each case. For example, 
when the wavelength ratio is approximately 4.73, plot- 
ting is made as approximately 0.23 in Fig. 34. 
[0088] In Fig. 34, center distances between the elec- 
trode fingers whose pitches are not decreased are con- 

^5 centrated in the range of approximately 0.13 to about 
0.23. Furthermore, in all cases, they are in the range of 
about 0.08 to about 0.24. In the related art shown in Fig. 
2, these center distances are preferably in the range of 
approximately 0.25 to about 0.30. In the case of pre- 

20 ferred embodiments of the present invention, it is indi- 
cated that the center distances should be in the range 
of about 0.08 to about 0.24, and preferably, In the range 
of about 0,13 to about 0.23. 

[0087] The above-mentioned Figs.32 to 34 have been 
25 described with reference to the first preferred embodi- 
ment of the invention. However, it is to be understood 
that these results can be applied to the other preferred 
embodiments also. 

[0088] Although the 36** Y-cut X-propagating LiTaOS 
30 substrate is used in the first preferred embodiment, a 
LiTa03 substrate having another crystal orientation, the 
LiNb03 substrate, or other suitable substrates may be 
used. For example, a particularly great effect can be ob- 
tained in the piezoelectric substrate using the leaky 
35 wave, such as a 36"* to 44** Y-cut X-propagating LiTa03 
substrate, a 64** to 72** Y-cut X-propagating LiNbOQ sub- 
strate, or a 41** Y-cut X-propagating LiNbOs substrate. 
[0089] In the first preferred embodiment, three IDT 
type longitudinally coupled resonator-type surface 
40 acoustic wave filters establish the two-stage vertical 
connection. As shown in Fig. 9, the advantages ob- 
tained in the first preferred embodiment of the present 
invention can be obtained by using the same construc- 
tion as that of the first preferred embodiment in the one- 
45 stage longitudinally coupled resonator- type surface 
acoustic wave filter 31 . Furthermore, the present inven- 
tion is not limited to the filter having three IDTs. For ex- 
ample, the advantages of the present Invention can be 
obtained by applying the present invention to a longitu- 
de dinally coupled resonator-type surface acoustic wave fil- 
ter 32 as shown in Fig. 10 having five IDTs 33 to 37. 
[0090] That is, in various preferred embodiments of 
the present invention, the number of IDTs of the longi- 
tudinally coupled resonator-type surface acoustic wave 
55 fitter is not limited to three. It may be five or above. In 
addition, the longitudinally coupled resonator-type sur- 
face acoustic wave filter is not necessarily limited to 
ones having a multiple-stage construction. 
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[0091] Fig. 11 is a scliematic plan view showing the 
electrode construction of a longitudinally coupled reso- 
nator-type surface acoustic wave filter according to the 
second preferred embodiment of the present invention. 
[0092] A longitudinally coupled resonator-type sur- 
face acoustic wave filter 41 according to the second pre- 
ferred embodiment is constructed exactly in the same 
manner as the longitudinally coupled resonator-type 
surface acoustic wave filter I except that the IDTs 14and 
19 which are provided In the middle in the propagation 
direction of the surface acoustic wave are inverted. 
[0093] That is, while the adjacent electrode fingers of 
the adjacent IDTs are grounded in the first preferred em- 
bodiment, the outemnost electrode fingers of the IDTs 
1 4 and 1 9 are connected to the corresponding input and 
output terminals instead of the ground potential. There- 
fore, the electrode finger which is a signal electrode and 
the electrode finger which is connected to the ground 
potential of the outer IDT are adjacent between the ad- 
jacent IDTs. 

[0094] To be specific, while the electrode fingers 1 3a 
and 15a which are the corresponding edge portions of 
the I DTs 1 3 and 1 5 on the IDT 1 4 side are connected to 
the ground potential, the electrode fingers 14a and 14i 
of the IDT 14 which are adjacent to the con-esponding 
electrode fingers 13a and 15a are connected to input 
tenninals. That is, the polarities of the electrode fingers, 
which are adjacent to each other, are inverted between 
the IDTs that are adjacent to each other. The surface 
acoustic wave filter 12 is also constructed in the same 
manner. 

[0095] Therefore, the longitudinally coupled resona- 
tor-type surface acoustic wave filter according to the 
second preferred embodiment has a construction in 
which the adjacent electrode fingers between the adja- 
cent IDTs with inverted polarities are two-stage vertically 
connected. 

[0096] Fig. 12 shows differences between the reso- 
nant mode of the surface acoustic wave filter 41 accord- 
ing to the second preferred embodiment and the reso- 
nant mode of the surface acoustic wave filter 1 accord- 
ing to the first preferred embodiment. Here, the results 
obtained by changing the input/output Impedance from 
50 Q to 500 Q. and by confimning the resonant mode are 
shown. 

[0097] In Fig. 1 2, the solid line indicates the result ac- 
cording to the second preferred embodiment and the 
dashed line indicates the result according to the first pre- 
ferred embodiment. 

[0098] Reference character D of Fig. 1 2 indicates the 
resonant mode of a standing wave having peaks of the 
intensity distribution of the surface acoustic wave in the 
space between adjacent IDTs (inter-IDT gap), E Indi- 
cates the zeroth mode, G indicates the second mode, 
and F indicates a mode generated due to a two-stage 
vertical connection. 

[0099] The major difference between the first pre- 
ferred embodiment and the second preferred embodi- 



ment is that the level of the resonant mode indicated by 
the arrow D is larger in the second preferred embodi- 
ment. 

[0100] Since the adjacent electrode fingers of the ad- 
5 jacent IDTs are connected to the ground potential in the 
first preferred embodiment, the surface acoustic wave 
in the inter-rlDTgap cannot be converted into an electri- 
cal signal. As a result, the conveirsion efficiency to the 
electrical signal of the resonant mode D having the 
10 peaks of the intensity in the inter-IDT gap is decreased. 
[0101] On the other hand, since the polarities of the 
adjacent electrode fingers of the adjacent electrode 
IDTs are inverted in the second preferred embodiment, 
the surface acoustic wave can be converted into the 
15 electrical signal even in the inter-IDT gap. Therefore, by 
having the above resonant mode D the conversion effi- 
ciency to the electrical signal Is increased. 
[0102] Fig. 13 shows the amplitude characteristics of 
the longitudinally coupled resonator-type surface 
20 acoustic wave filters according to the second preferred 
embodiment and the first preferred embodiment and the 
con-esponding amplitude characteristics obtained by 
magnifying the insertion loss of the vertical axis by the 
scale on the right side of the axis. The amplitude char- 
25 acteristics of the second preferred embodiment (the sol- 
id line) of Fig. 13 are obtained by changing the intersect- 
ing width from the design condition in the first prefenred 
embodiment to approximately 33.4X12 and the wave- 
length of the narrow-pitch electrode fingers therefrom to 
30 approximately 3.88 jim in order to adjust the deviation 
in the impedance caused by the change in the frequency 
of the resonant mode and the level of the resonant 
mode. 

[0103] As is indicated in Fig. 1 3, according to the sec- 
35 ond preferred embodiment, the insertion loss in the 
passband can be even more improved than in the first 
preferred embodiment (dashed line) and the passband 
width becomes wider. Accordingly, it is preferable that 
the polarities of the adjacent electrode fingers of the ad- 
40 jacent IDTs be inverted. This enables the longitudinally 
coupled resonator-type surface acoustic wave filter hav- 
ing much lower insertion loss and wider passband to be 
provided. 

[0104] The advantages of the second preferred em- 
45 bodiment can also be obtained in a case in which the 
polarities of the adjacent electrode fingers between the 
IDTs are inverted in the above described manner in only 
one of the longitudinally coupled resonator-type surface 
acoustic wave filters 11 and 12 that establish the two- 
50 stage vertical connection. 

[0105] Fig. 14 is a schematic plan view showing an 
electrode construction of a longitudinally coupled reso- 
nator-type surface acoustic wave filter according to the 
third preferred embodiment of the present invention. 
55 [0106] A surface acoustic wave filter 51 according to 
the third preferred embodiment is constructed so that 
the number of narrow-pitch electrode fingers is prefera- 
bly the same as that in the first preferred embodiment 
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and the number of narrow-pitch electrode fingers of the 
first portion of the IDT 1 3 is different from the number of 
narrow-pitch electrode fingers of the first portion of the 
IDT 14 on the IDT 13 side. In addition, it is preferably 
constructed so that the number of narrow-pitch elec- 
trode fingers of the first portion of the IDT 1 5 Is different 
from the number of narrow-pitch electrode fingers of the 
first portion of the IDT 14 on the IDT 15 side. Otherwise, 
since it is constructed In the same manner as the first 
preferred embodiment, by assigning the same refer- 
ence numerals used in the first preferred embodiment 
to the corresponding components, descriptions of the 
corresponding elements of the first preferred embodi- 
ment are applied. Those elements which are different 
from the first preferred embodiment, are described more 
specifically. In the present preferred embodiment, the 
numbers of electrode fingers of the IDTs 1 3 to 1 5 of the 
surface acoustic wave filter 12 are as described in the 
following paragraph. 

[0107] IDT13 30, in which the number of electrode 
fingers of the first portion is 5 and the number of elec- 
trode fingers of the second portion Is 25. 
[0108] I DTI 4 -the number of electrode fingers is 33, 
in which the first portions on both sides each have three 
narrow-pitch electrode fingers and the second portion 
provided in the middle has 27 electrode fingers. 
[0109] IDT15 ••• 30, In which the number of electrode 
fingers of the first portion is 5 and the number of elec- 
trode fingers of the second portion is 25. 
[0110] In the present preferred embodiment as well, 
the surface acoustic wave filters 11 and 12 are prefera- 
bly constructed in the same manner. In Fig. 14, in order 
to simplify illustrations, the electrode fingers are shown 
in such a manner that the number of electrode fingers 
is decreased. That is, Fig. 14 is shown as though one 
narrow-pitch electrode finger is provided on each of the 
left and the right of the IDT 14, and the numbers of nar- 
row-pitch electrode fingers of the first portion of the IDTs 
13 and 15 are 3. 

[0111] The reflection characteristic of the vertically- 
coupled resonator-type surface acoustic wave filter 51 
according to the third preferred embodiment Is shown 
in Fig. 15(b). For comparison, the reflection character- 
istic of the surface acoustic wave filter according to the 
first preferred embodiment is shown in Fig. 15(c). 
[01 12] The third preferred embodiment is constructed 
so that the numbers of narrow-pitch electrode fingers of 
the first portions of both of the IDTs that are adjacent to 
each other are different. In addition, the electrode finger 
intersecting width is approximately 47.7A.I2 in order to 
match the Impedance to 50 Q. 

[0113] As is indicated in Fig. 15, the impedance con- 
centration ratio in the third preferred embodiment Is 
worse than in the first preferred embodiment. 
[01 1 4] The reflection characteristic is shown in Fig. 1 5 
(a) for a modification of the third preferred embodiment 
in which, on the contrary, the number of narrow-pitch 
electrode fingers of IDT 1 4 is increased. Changes in this 



case are that, compared to the third preferred embodi- 
ment, the total number of electrode fingers of the IDTs 
13,15,18, and 20 is 28, the number of electrode fingers 
of the first portion is 3, the number of electrode fingers 

5 of the second portion Is 25, the total number of electrode 
fingers of the IDTs 14 and 1 9 provided in the middle is 
37 In which the numbers of electrode fingers of the first 
portions on both sides are each 5, the number of elec- 
trode fingers of the second portion in the middle Is 27, 

10 and the Intersecting width is approximately 28.6^12. As 
is indicated in Fig. 15(a), in this case, the impedance 
concentration ratio is increased compared to the first 
preferred embodiment though the overall impedance is 
capacitive. 

15 [01 1 5] The third preferred embodiment and the mod- 
ified example having the reflection characteristics 
shown in Fig. 15(a) are not exactly preferred embodi- 
ments for an EGSM type receiving-stage band-pass fil- 
ter. However, the third preferred embodiment and the 

20 modified example are effective for other applications. 
For example, as shown in Fig. 15(l3), when the imped- 
ance concentration ratio Is worsened, though the dete- 
riorating tendency in VSWR is observed, the passband 
width tends to be widened. 

25 [0116] That is, the solid lines in Figs. 16(a) and (b) 
indicate the amplitude characteristic and the VSWR 
characteristic of the longitudinally coupled resonator- 
type surface acoustic wave fijter according to the third 
preferred embodiment. For comparison, the amplitude 

30 characteristic and the VSWR characteristic of the longi- 
tudinally coupled resonator-type surface acoustic wave 
filter 11 according to the first preferred embodiment are 
shown using the dashed lines in Figs. 1 6(a) and (b). 
[0117] As is obviously indicated in Fig. 16, according 

35 to the third preferred embodiment, it is observed com- 
pared to the case of the first preferred embodiment that 
though VSWR Is worsened by approximately 0.2, the 
passband width at 4dB from a through level is widened 
by approximately 1 .5 MHz. In this case, it is found that 

40 since the insertion loss level In the passband is hardly 
changed, a wider band can be realized while the low 
loss is maintained. 

[01 1 8] That is, the third preferred embodiment proves 
that even though VSWR is somewhat worsened, there 

45 can be provided the longitudinally coupled resonator- 
type surface acoustic wave filter which is suitable for an 
application requiring the reduction In loss in the pass- 
band and the expansion of the passband width. 
[0119] Next, an similarto that shown in Fig. 15(a), that 

50 is effective in a case in which the Impedance is capaci- 
tive though the impedance concentration ratio is prefer- 
able, is described. 

[0120] Figs. 17(a) and (b) show the amplitude char- 
acteristics and the VSWR characteristic of the longitu- 
55 dinally coupled resonator-type surface acoustic wave fil- 
ter of the above modified example using the solid lines. 
For comparison, the amplitude characteristics and the 
VSWR characteristic of the longitudinally coupled reso- 
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nator-type surface acoustic wave filter according to the 
first preferred embodiment are shown using tlie daslied 
lines. In the modified example which produces the re- 
sults shown in Fig. 17, the electrode intersecting width 
Is approximately 31 .0X12, the total number of electrode 5 
fingers. of IDTs 13, 15, 18, and 20 is 28, the number of 
electrode fingers of the first portion Is 3, the number of 
electrode fingers of the second portion is 25. The total 
number of electrode fingers of the central IDTs 14 and 
19 Is 47 In which the numbers of electrode fingers of the 
first portions on both sides are each 5 and the numbers 
of electrode fingers of the central second portions are 
each 37. The wavelength X\^ of the IDT is about 3.88 
lj,m. Otherwise, the modified example is substantially 
identical to the first preferred embodiment. 
[0121] As is obvious from Fig. 17, in the above mod^ 
ified example, compared to the surface acoustic wave 
filter 11 according to the first preferred embodiment, al- 
though the passband width at 4 dB from the through lev- . 
el is narrowed by approximately 3.5 l\/IHz, the VSWR is 20 
improved by only approximately 0.7. In this case, since 
insertion loss level is hardly changed in the pass band, 
VSWR Is Improved while the low loss is maintained. 
That is. It is found that, even though the passband width 
is narrowed, the longitudinally coupled resonator-type 
surface acoustic wave filter which is effective for an ap- 
plication requiring the reduction in loss in the passband 
as well as the reduction in VSWR can be provided. 
[0122] As described above, as in the third preferred 
embodiment, by changing the balance of the electrode so 
fingers of the first portion, in other words, the number of 
narrow-pitch electrode fingers, the band-pass filter for 
various applications can be easily provided while the re- 
duction in insertion loss in the passband is achieved. 
[0123] Figs. 1 8(a) and (b) are a schematic plan view 35 
illustrating the longitudinally coupled resonator-type 
surface acoustic wave filter according to the fourth pre- 
ferred embodiment, and a cross-sectional view taken 
along the direction intersecting to the electrode fingers. 
Rg. 1 8(b) is a schematic cross-sectional view between 40 
alternate long and short dashed lines X and X in Fig. 1 8 
(a), at enlarged scale. The electrode construction shown 
in Fig. 1 8(a) is exactly equal to that of the first preferred 
embodiment shown in Fig. 1 . 

[0124] Therefore, for the equivalent elements, the 45 
corresponding reference numerals are assigned. The 
characteristics of the fourth preferred embodiment are 
clearly shown in Fig. 1 8(b). That is, as shown in a portion 
provided with IDTs 1 9 and 20 and the reflector 22 as a 
typical example, the film thickness of the narrow-pitch so 
electrode fingers is thinner than thefilm thickness of oth- 
er electrode fingers or the film thickness of the elec- 
trodes of the reflectors. That is, as shown in Fig. 18(b), 
the film thickness of electrode fingers 1 9f and 1 9g of the 
first portion of the IDT 1 9 on the IDT 20 side and the film 55 
thickness of electrode fingers 20a and 20b of the first 
portion of the IDT 20 on the IDT 19 side are thinner than 
the film thickness of other electrode fingers and the film 



thickness of the electrode of the reflector 22. Likewise, 
in a portion between the IDTs adjacent to each other 
shown in Fig. 18(a), the film thickness of the narrow- 
pitch electrode fingers on both sides of the part is thinner 
than that of the remaining electrode fingers of the part. 
To be specific, in the fourth preferred embodiment, the 
film thickness of the narrow-pitch electrode fingers is 
preferably about 0.06X12 and the film thickness of the 
remaining electrode fingers is preferably about 0.08X12. 
[0125] In the fourth preferred embodiment, since the 
film thickness of the narrow-pitch electrode fingers is re- 
duced, the design is altered from the design of the first 
preferred embodiment so that the electrode finger inter- 
secting width is approximately 38.2X12, and XII = 3.93 
pjn. Otherwise, the fourth preferred embodiment is sub- 
stantially identical to. the first preferred embodiment. 
[0126] The amplitude characteristics of the longitudi- 
nally coupled resonator-type surface acoustic wave fil- 
ter according to the fourth preferred embodiment are 
shown using the solid lines in Fig. 1 9. For comparison, 
the amplitude characteristics of the longitudinally cou- 
pled resonator-type surface acoustic wave filter 11 ac- 
cording to the first prefen-ed embodiment are shown us- 
ing the dashed lines. . 

[0127] As is obvious from Fig. 19, compared to the 
first preferred embodiment, the fourth preferred embod- 
iment proves that the insertion loss in the passband is 
even more improved. Generally, in the surface acoustic 
wave filter using the leaky wave, by thinning the film 
thickness of the electrode including Al, there is a ten- 
dency to decrease the loss due to radiation of bulk 
waves. However, by thinning the electrode film thick- 
ness, the electromechanical coupling factor is de- 
creased and the stop-band width of the reflectors is nar- 
rowed. This arrangement leads to a problem that the re- 
alization of the wider band cannot be achieved. 
[0128] In the fourth preferred embodiment, to solve 
this problem, the film thickness of the electrode fingers 
Is thinned in the IDT to IDT gap in which the radiation of 
the bulk wave is most likely to occur, in other words, in 
the portion in which the narrow-pitch electrode fingers 
are provided. This enables the loss due to the radiation 
of the bulk wave to be reduced and enables preferable 
characteristics to be obtained. 

[01 29] Fig. 20 is a schematic plan view illustrating the 
electrode construction of the longitudinally coupled res- 
onator-type surface acoustic wave filter according to the 
fifth preferred embodiment of the present invention. 
[0130] A characteristic of the fifth preferred embodi- 
ment is that the narrow-pitch electrode fingers are con- 
structed using a split electrode as typified by split elec- 
trode fingers 13f1 and 13f2. Othenwise, the present pre- 
ferred embodiment is exactly the same as the first pre- 
ferred embodiment. Only the modified elements are de- 
scribed as follows. 

[0131] That is, in the fifth preferred embodiment, the 
electrode finger intersecting width is approximately 
35.7X12, the wavelength X12ofthe IDT Is about 4.20 |j.m, 
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and is about 4.04 \im. 

[0132] In Fig, 21 , the amplitude characteristics of the 
longitudinally coupled resonator-type surface acoustic 
wave filter according to the fifth preferred embodiment 
are shown using the solid lines. The dashed lines Indi- 
cate the amplitude characteristics of the conventional 
longitudinally coupled resonator-type surface acoustic 
wave filter. 

[0133] As is obviously indicated in Fig. 21 , in the fifth 
preferred embodiment, compared to the conventional 
longitudinally coupled resonator-type surface acoustic 
wave filter, the insertion loss In the passband is greatly 
Improved. 

[01 34] Therefore, it is determined that, in various pre- 
ferred embodiments of the present Invention, the nar- 
row-pitch electrode fingers may be constructed using 
multiple split electrode fingers, normally split into two, 
[0135] The sixth preferred embodiment (not shown) 
preferably has exactly the same circuit constmction as 
the first preferred embodiment. Therefore, by applying 
the descriptions of the first preferred embodiment, the 
detailed descriptions of corresponding elernents of the 
sixth preferred embodiment are omitted. 
[0136] The sixth preferred embodiment differs from 
the first preferred embodiment in that the wavelength of 
the electrode fingers of the first portions of the IDTs 18 
to 20 of the surface acoustic wave filter 12, in other 
words, the wavelength of the narrow-pitch electrode fin- 
gers, is approximately 3.88 |Lim. Otherwise, the sixth pre- 
ferred embodiment Is the same as the first preferred em- 
bodiment. 

[0137] That is, in the sixth preferred embodiment, the 

wavelengths of the narrow-pitch electrode fingers of the 
longitudinally coupled resonator-type surface acoustic 
wave filters 11 and 12 which are two-stage vertically 
connected shown in Fig. 1 are different. 
[0138] In Fig. 22, the amplitude characteristics of the 
longitudinally coupled resonator-type surface acoustic 
wave filter according to the sixth preferred embodiment 
are shown using the solid lines and the amplitude char- 
acteristics of the longitudinally coupled resonator-type 
surface acoustic wave filter according to the first pre- 
ferred embodiment are shown using the dashed lines. 
[0139] As is obviously indicated in Fig. 22, according 
to the sixth preferred embodiment, the passband width 
Is expanded compared to the first preferred embodi- 
ment. In this case, the value of VSWR was approximate- 
ly 2.0 in both the first and sixth preferred embodiments. 
Therefore, according to the sixth preferred embodiment, 
the passband width can be expanded without worsening 
VSWR. 

[0140] Thus, when a plurality of surface acoustic 
wave filters are cascaded, by differentiating among the 
narrow-pitch electrode finger construction of each stage 
of the surface acoustic wave filter, in other words, by 
differentiating the narrow-pitch electrode finger con- 
struction of at least one stage of the surface acoustic 
wave filter from that of the remaining stages of the sur- 



face acoustic wave filter, rt Is proved that the passband 
width can be widened. 

[0141] Fig. 23 is a schematic plan view illustrating the 
electrode construction of the longitudinally coupled res- 

5 onator-type surface acoustic wave filter 61 according to 
the seventh preferred embodiment of the present inven- 
tion. The seventh preferred embodiment corresponds to 
a modified example of the longitudinally coupled reso- 
nator-type surface acoustic wave filter 31 shown In Fig. 

10 9. That is, a surface acoustic wave resonator 62 Is con- 
nected in series as a series resonator between the cen- 
tral IDT 14 and the input terminal of the one-stage lon- 
gitudinally coupled resonator-type surface acoustic 
wave filter 31. 

15 [0142] In the other preferred embodiments of the 
present invention, the surface acoustic wave resonator 
may be connected In series with the longitudinally cou- 
pled resonator-type surface acoustic wave filter as 
shown in the seventh preferred embodiment. 
[0143] Conventionally, it is known that, by connecting 
a surface acoustic wave resonator in series with a lon- 
gitudinally coupled resonator-type surface acoustic 
wave filter, the expansion of the out-of-passband atten- 
uation amount can be achieved. However, there is a 
problem that the insertion loss in the passband increas- 
es although the out-of-passband attenuation amount in- 
creases. 

[0144] On the other hand, in the present preferred em- 
bodiment, since the above longitudinally coupled reso- 
nator-type surface acoustic wave filter constructed ac- 
cording to various preferred embodiments of the present 
invention is used, the deterioration of the insertion loss 
decreases. That is, by connecting the surface acoustic 
wave resonator 62 in series with the longitudinally cou- 
pled resonator-type surface acoustic wave filter 31 , the 
out-of-passband attenuation amount can be expanded 
while the reduction in the Insertion loss In the passband 
Is achieved. This enables preferable filtering character- 
istics to be obtained. 

[0145] Likewise, in the longitudinally coupled resona- 
tor-type surface acoustic wave filter according to various 
preferred embodiments of the present invention, since 
the insertion loss in the passband is greatly reduced, the 
surface acoustic wave resonator may be connected in 
parallel with the longitudinally coupled resonator-type 
surface acoustic wave filter constructed according to 
various preferred embodiments of the present invention. 
In this case, while the reduction in the insertion loss in 
the passband is achieved, the expansion of the out-of- 
passband attenuation amount can be achieved. 
[0146] Alternatively, the longitudinally coupled reso- 
nator-type surface acoustic wave filters according to the 
present invention may include both a surface acoustic 
wave resonator connected in series and a surface 
acoustic wave resonator connected In parallel. 
[0147] Fig. 24 Is a schematic plan view illustrating the 
electrode construction of the longitudinally coupled res- 
onator-type surface acoustic wave filter according to the 
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eighth preferred embodiment. A longitudinally coupled 
resonator-type surface acoustic wave filter 71 according 
to the eighth preferred embodiment has the same elec- 
trode construction as the longitudinally coupled resona- 
tor-type surface acoustic wave filter shown in Fig. 9. 
They differ in that an unbaianced-input-unbalanced-out- 
put is provided in the surface acoustic wave filter shown 
in Fig. 9 while, in the present preferred embodiment, one 
temiinal of the central IDT is connected to the input ter- 
minal and, furthermore, a terminal 72 is provided so that 
a signal can be obtained from the other terminal of the 
central IDT. 

[0148] Recently, longitudinally coupled resonator- 
type surface acoustic wave filters have been expected 
to have an balanced-unbalanced transforming function. 
In the eighth preferred embodiment shown in Fig. 24, by 
causing a terminal 74 to be the input terminal and caus- 
ing terminals 72 and 73 to be the output temriinals, the 
unbalanced-input-balanced-output type filter can be 
constructed. Conversely, by causing the tei'minals 72 
and 73 to bathe inputtemiinals andcausingtheterminal 
74 to be the output terminal, the balanced-input-unbal- 
anced-output type filter can be constructed. Therefore, 
a surface acoustic wave filter having low insertion loss 
in the passband as well as the balanced-unbalanced 
transforming function can be provided. Modified exam- 
ples of the surface acoustic wave filter having such a 
balanced-unbalanced trainsforming function are shown 
in Figs. 25 to Fig. 30. 

[0149] A longitudinally coupled resonator-type sur- 
face acoustic wave filter 81 shown in Fig. 25 is construct- 
ed so that the balanced input/output can be obtained 
from the outer IDTs 13 and 15 and the central IDT 14 is 
connected to an unbalanced input/output terminal 82. 
[0150] In a longitudinally coupled resonator-type sur- 
face acoustic wave filter 85 shown in Fig. 26, the phases 
of the IDTs 1 3 and 1 5 to the IDT 1 4 are reversed where- 
by the balanced-unbalanced transforming function is re- 
alized. 

[0151] Furthermore, in a longitudinally coupled reso- 
nator-type surface acoustic wave filter 86 shown In Fig. 
27, the phases of the IDTs 18 and 20 of the surface 
acoustic wave fitters 11 and 12 which are two-stage ver- 
tically connected are reversed. Terminals 87 and 88 are 
connected to the IDT 1 9 so that the balanced signal can 
be obtained from the IDT 19. 

[0152] In thetwo-stage longitudinally coupled resona- 
tor-type surface acoustic wave filters 1 1 and 1 2 of a lon- 
gitudinally coupled resonator-type surface acoustic 
wave filter 91 shown in Fig. 28, the surface acoustic 
wave filter 1 2 which is a side obtaining the balanced ter- 
minal is divided into two surface acoustic wave filters 92 
and 93 having an electrode finger Intersecting width that 
is approximately one half the intersecting width of the 
surface acoustic wave filter 11 . In addition, the phases 
of surface acoustic wave filters 92 and 93 are reversed. 
[0153] Furthermore, .as shown in Fig. 29, the bal- 
anced-unbalanced transforming function is provided in 



a construction having the two-stage longitudinally cou- 
pled resonator-type surface acoustic wave filters 11 and 
12, by dividing the second surface acoustic wave filter 
12 into longitudinally coupled resonator-type surface 
5 acoustic wave filters 96 and 97 and reversing the phas- 
es of the IDTs 13 and 15 with respect to the IDT 14 of 
the first surface acoustic wave filter 11 . 
[0154] In a longitudinally coupled resonator-type sur- 
face acoustic wave filter 1 01 shown in Fig. 30, the two- 
stage longitudinally coupled resonator-type surface 
acoustic wave fitters are parallel connected In such a 
manner that the electrode finger intersecting width of 
each of the two-stage longitudinally coupled resonator- 
type surface acoustic wave filters is reduced. That Is, 
the longitudinally coupled resonator-type surface 
acoustic wave filters 11 is divided Into two longitudinally 
coupled resonator-type surface acoustic wave filters 
11 A and 11 B and the longitudinally coupled resonator- 
type surface acoustic wave filter 12 is divided into lon- 
gitudinally coupled resonator-type surface acoustic 
wave fitters 12A and 12B. 

[0155] By reversing the phases of one pair of surface 
acoustic wave filters among these, the balanced-unbal- 
anced transforming function can be provided. 
[0156] That is, as shown in Figs. 25 to 30, In the same 
manner as in the eighth preferred embodiment, there 
can be provided a surface acoustic wave fitter having 
the balanced-unbalanced transforming function while 
various constructions reduce the Insertion loss. 
[0157] Fig. 31 is a schematic plan view Illustrating the 
electrode construction of the longitudinally coupled res- 
onator-type wave filter according to the ninth preferred 
embodiment of the present invention. A longitudinally 
coupled resonator-type surface acoustic wave filter 111 
according to the ninth preferred embodiment has the 
same electrode construction as the longitudinally cou- 
pled resonator-type surface acoustic wave filter shown 
In Fig. 8. They differ in that terminals 112 to 115 are pro- 
vided in the filter 111 of the ninth preferred embodiment 
in order to obtain signals from all of the IDTs 13 to 15. 
[0158] Here, since the tenminals 112 and 115 and ter- 
minals 113 and 114 each can obtain balanced signals, 
a balanced-input-balanced-output surface acoustic 
wave filter can be obtained. In the present preferred em- 
bodiment as well, since the longitudinally coupled reso- 
nator-type surface acoustic wave filter is constmcted in 
accordance with preferred embodiments of the present 
invention, the balanced In put/output type surface acous- 
tic wave filter having the low insertion loss in the pass- 
band can be provided. 

[0159] Fig. 35 Is a schematic blocl< diagram illustrat- 
ing a communications apparatus 160 using a surface 
acoustic wave device according to another preferred 
embodiment of the present invention. 
[0160] In Fig. 35, a duplexer 162 is connected to an 
antenna 1 61 . A surface acoustic wave filter 164 and an 
amplifier 1 65 which constitute an RF stage are connect- 
ed between the duplexer 1 64 and a mixer on the receiv- 
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wherein both of a pair (1 3, 1 4) of the (DTs which are 
adjacent to each other are arranged so that the 
electrode finger period of said first portion is differ- 
ent from the electrode finger period of said second 
5 portion, and a center distance between adjacent 

electrode fingers (13a, 14a) of said pair of adjacent 
IDTs is substantially equal to 0.5X11 . 

5. A longitudinally coupled resonator-type surface 
10 acoustic wave filter according to Claim 1, 2 or 3, 

wherein only one of a pair of the IDTs which are ad- 
jacent to each other Is arranged so that the elec- 
trode finger period of said first portion is different 
from the electrode finger period of said second por- 
is Won, and the center distance between adjacent 
electrode fingers of said pair of adjacent IDTs is sub- 
stantially equal to 0.25X11 + 0.25X12. 

6. A longitudinally coupled resonator-type surface 
20 acoustic wave filter according to any previous 

Claim, wherein in the IDT in which the electrode fin- 
ger period of said first portion is different from the 
electrode finger period of said second portion, the 
center distance between the electrode fingers of 
25 said first portion and the electrode fingers of said 
second portion Is substantially equal to 0.25 X1 1 + 
0.25 X12 in a portion in which the electrode fingers 
of said first portion and the electrode fingers of said 
second portion are adjacent to each other. 

30 

7. A longitudinally coupled resonator-type surface 
acoustic wave filter according to any previous 
Claim, wherein the polarity of the electrode fingers 
(13a,14a/14i,15a) adjacent to each other of the IDT 

35 (13/14). including said first portion and said second 
portion and the polarity of the electrode fingers of 
the 1DT(14/15) adjacent to said IDT (13/14) are dif- 
ferent. 

40 8. A longitudinally coupled resonator-type surface 
acoustic wave filter according to any one of Claims 
1 to 4, 6 or 7, wherein the total number of electrode 
fingers of said first portion is not more than 1 8 in- 
cluding electrode fingers (13a, 13b, 14a, 14b) on 

45 both sides of the adjacent parts of a pair of the IDTs 
(13,14) which are adjacent to each other. 



ing side. In addition, an IF stage surface acoustic wave 
filter 1 69 is connected to the mixer 1 63. An amplifier 1 67 
and a surface acoustic wave filter 1 68 which constitute 
an RF stage are connected between the duplexer 1 62 
and a mixer 1 66 on a sending side. 
[0161] A longitudinally coupled resonator- type sur- 
face acoustic wave filter constructed according to any 
of the preferred embodiments of the present invention 
can be suitably used as the RF stage surface wave fil- 
ters 1 64, 1 68, and 1 69 in the above communications ap- 
paratus 160. Moreover, different prefen-ed embodi- 
ments of the present invention can be used in combina- 
tion in a single such communications apparatus. 
[01 62] While preferred embodiments of the invention 
have been disclosed, various modes of carrying out the 
principles disclosed herein are contemplated as being 
within the scope of the following claims. Therefore, it is 
understood that the scope of the invention is not to be 
limited except as otherwise set forth in the claims. 

Claims 

1. A longitudinally coupled resonator-type surface 
acoustic wave filter (1 ) comprising: 

a piezoelectric substrate (2); and 
at least three IDTs (13-15) arranged on said pi- 
ezoelectric substrate along the propagation di- 
rection of the surface acoustic wave, each hav- 
ing a plurality of electrode fingers; 
wherein, in at least one (1 3) of the at least three 
IDTs, the electrode finger period of a first por- 
tion (1 3a,1 3b) that is adjacent to the side edge 
of another of the IDTs in the propagation direc- 
tion of the surface acoustic wave is different 
from the electrode finger period of a second 
portion (13c-13g) that is the remaining portion 
of said at least one of the IDTs, the wavelengths 
of the surface acoustic waves determined by 
the electrode finger periods of said first portion 
and said second portion being X1 1 and XI2, re- 
spectively. 

2. A longitudinally coupled resonator-type surface 
acoustic wave filter according to Claim 1 , wherein 
the electrode finger period of said first portion Is 
shorter than the electrode finger period of said sec- 
ond portion. 

3. A longitudinally coupled resonator- type surface 
acoustic wave filter according to Claim 2, wherein 
the electrode finger period of said first portion is 
about 0.82 to about 0.99 times the electrode finger 
period of said second portion. 

4. A longitudinally coupled resonator-type surface 
acoustic wave filter according to Claim 1, 2 or 3, 



9. A longitudinally coupled resonator-type surface 
acoustic wave filter according to any previous 

50 Claim, wherein the center distance between the 
electrode fingers, having periods that are not differ- 
ent, of a pair of the IDTs which are adjacent to each 
other is (0.08 + o;5n)XI2 to (0.24 + 0.5n)XI2 {n=: 1 . 
2. 3, ...). 

55 

10. A longitudinally coupled resonator-type surface 
acoustic wave filter according to any previous 
Claim, wherein the center distance between the 
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electrode fingers, having periods that are not differ- 
ent, of a pair of the iDTs which are adjacent to each 
other Is (0.13 + 0.5n)A,l2 to (0.23 + 0.5n)M2 (n= 1, 
2. 3, ...). 

5 

11. A longitudinally coupled resonator-type surface 
acoustic wave filter (51) according to any one of 
Claims 1 to 4, or 6 to 10, wherein both of a pair 
(13,14/14,15) of the IDTs, which are adjacent to 
each other in the propagation direction of the sur- io 
face acoustic wave filter, Include the first poitlon and 

the second portion, and the numbers of electrode 
fingers of the first portions of both IDTs are different. 

12. A longitudinally coupled resonator-type surface ^5 
acoustic wave filter according to any previous 
Claim, wherein said piezoelectric substrate (2) is 
obtained by rotating a LiTa03 single crystal in the 
direction of the Y axis in the range of approximately 

36 to approximately 44 degrees with respect to the 20 
X axis. 

13. A longltudinaiiy coupled resonator-type surface 
acoustic wave filter (61 ) according to any previous 
Claim, wherein the film thickness of the electrode 25 
fingers (20a,2bb) of said first portion is different 
from the film th ickness of the electrode fingers (20c- 
20h) of said second portion. 

14. A longitudinally coupled resonator-type surface 50 
acoustic wave filter according to Claim 13, wherein 
the film thickness of the electrode fingers (20a,20b) 

of said first portion is thinner than the film thickness 
of the electrode fingers (20c-20h) of said second 
portion. 35 

15. A longitudinally coupled resonator- type surface 
acoustic wave filter according to any previous 
Claim, wherein the electrode fingers of said first por- 
tion include a split electrode (1 3f 1 , 1 3f2). 40 

16. A longitudinally coupled resonator-type surface 
acoustic wave filter comprising longitudinally cou- 
pled resonator-type surface acoustic wave filters 
(11,12) according to any previous Claim arranged 
to define at least a two-stage vertical connection. 

17. A longitudinally coupled resonator-type surface 
acoustic wave filter according to Claim 1 6, wherein 

the electrode finger period of said first portion of at 50 
least one stage (11) of the multiple-stage longitudi- 
nally coupled resonator-type surface acoustic wave 
filter is different from the electrode finger period of 
said first portion of another stage (12) thereof. 

55 

18. A longitudinally coupled resonator-type surface 
acoustic wave filter according to Claim 1 7, wherein 
the electrode finger period of said first portion is dif- 



ferent in each stage of the multiple-stage longitudi- 
nally coupled resonator-type surface acoustic wave 
filter. 

19. A longitudinally coupled resonator-type surface 
acoustic wave filter (61) according to any previous 
Claim, wherein at least one series resonator (62) 
and/or parallel resonator is connected to an Input 
side and/or output side. 

20. A longitudinally coupled resonator-type surface 
acoustic wave filter according to any previous 
Claim, wherein the filter is constructed so as to have 
a balanced-unbalanced input/output. 

21. A longitudinally coupled resonator-type surface 
acoustic wave filter according to any one of Claims 
1 to 19, wherein the filter is constructed so as to 
have a balanced-balanced input/output. 

22. A communications apparatus comprising a longitu- 
dinally coupled resonator-type surface acoustic 
wave filter according to any previous Claim defining 
a band-pass filter. 
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FIG. 19 
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FIG. 23 
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FIG. 25 
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FIG. 27 
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FIG. 31 



111 



112 




50 



X 

S 40 



X 35 

Q 

5 30 





















.. 1 ■ 1— » 





0 5 10 15 20 25 

NUMBER OF NARROW-PITCH ELECTRODE FINGERS 



44 



EP1 152 529 A2 



FIG. 33 
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